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A bstra ct
A tim e- series an alysis o nthe seas onal and inter ann ualtim e scale shasbeen appliedto
gro und
- observed rain包11data
,
NOA A-deriv ed nor maliz ed differ e n c e v egetation inde x, a nd
mixlnglaye rte mper atur edata ofobje ctive analysisforthe w e ste r nS al1 elregi o n. The re sults
sugge stedthat rainfallano malie sthat ar eproduced over w e stern Sahelduring a sho rt r alrly
se as on a re mitained inthela ndsu rfac e(soilm oistu re/vegetatio n)an o maliespe rsistingoverthe
follo wl ngdrys e a s on . Theland s urfa c e anom alies m ay functio n a str a n smitter of the rainfall
an o maliestothe nextr alnyS eason .
1.IntrodllCtio n
The se mi･ ari dregi on Ofthe w orld is char a cterizedbythedrys ava m a or steppe vegetatio n
and a s malla m o u nt ofa n n ualpre cIPltation concentra.ted o n a shortrally S eaSOn along witha
large a mplitude ofit5inte rar m ualvariability. For e x ample, theSahel,de血edclim atologlC ally as
the regi onlocated s outh oftheSahar ade s ertr e c eivlng an an n ualpr ecIPitation of 2 00-8 00m m
咋ig.1), e xpe rien c edre curringdro ughtsin this c entu ry, e speciallyalo ng-term persiste ntdr o ught
duringtheht e1960sto1980s(Fig.2)(Shin oda, 1995a).
SirLCe the 1970s
,
ala rge n u mber ofobs erv ationala nd n um ericalsim ulation studie sha v e
longbe en made o nthe c au se s ofs u chalo ng-ter mdrought;globalsea s u rfacete mpe ratu res(e･g･ ,
Foland et al
l
198 6) and regio n allandsu rfa c econditio n s(e.g･ , Charn ey, 1975). T he re c er(t
statisticalan alysis sho w edthat m o r etha nhalfofthe varian c einSahel minfallis explained bythe
topthre em ode s ofglobalSSTano malie sderiv ed 丘o m arotated e mpiricalorthogonal alnCtion
a nalysis(Shinoda, 199･5a), c onfir mingtheprevious studyof Parker et al.(1988). Thes ere s ults
indicate that thela nd s urfa c epro c e ss e s, whos eimporta n c ehasbee npointed outby Charney
(1975)and a m ongothers, playo nlya se c ondaryr oleintheinter a n nualvariatio ninSahelrainfal .
No attemptsha ve, how e ver, be e n m ade to e stim atethe qu antitative effe ct ofano m alo u s
lands urfa c eco nditiorlS On atm o spheric a nd rainfallano m alies ove rthe s emi- aridregl O n. NOA A
satellitedata
,
thathavebe en a c um ulated over nearlytw ode c ades, yielda v alu able ba sisfor
studyingtheye ar-to -ye ar variations ofthela rge-s calelands u rfa c e a nd atm o spheric co nditons.
In theprese ntstudy, a c omprehe n sive analysis ofgro und- obser ved andNOA As atellite-derived
- 137 1
land s u rfa ce/atm o sphericdata andpobjectiv e analysIS atm o spheric datahasbe e n c o ndu cted in
orde rto r e v ealthe m e cha nis mho w the ano malouslands u rfa c e c onditio n s afe ct the overlying
atm o sphere o nthe s e as o nalandinter ann ualtim e s cale?.
2. Se asollalchange sin r ainfall, s oilm oistllre, and vegetatio n :theirinte r a ctio n s
A s e a s o nalpha selagin the r e spo n se ofv egetationto rainfda nditsdepe nden c eonthetype
of vegetation in tropical Afric ahave be en iJIV e Stlgated, u51ng W eekly-basis data ofthe
NOju/A V H R 良一deriv ed n ormalized diife r e nce v egetation inde 冨 (ND VI) and o utgoing
longw ave r adiatio n(OL R)(Shin oda･ 1995b)I Thelag-
.
cor relatio nanalysis ofthe ND VIa nd
OL Rdata de m o n str atedthat over thedry s ava n n ar egions(in cludingthe Sahel), the N D V I
re sponds m o st m arkedlytothe O L Rby6-9 w eeks(Figs.3 and4). T his relativ elylo ngtim e-lag,
c o mpared wi thatfor the equatorial fore str egion, m aybe explain ed bythetim e r equir edfor
a c cu m ulatlng s oilm oistu r ea vailable forthe v egetation growth and/or the tim e for the
physiologicalstart ofgro wthto the establishm e nt ofgree nbio m a s s伊ig.5).
Thegrou nd-ba s ed observ ationin theS al1el ofs o uther nNiger revealeddetailed seas o n al
change5 inr ainfall, s oilm oisture, a ndleafar e aindexO. Al)of mi1let(fig.6),indic ating atim e-
1ag slmi larto thatfo und in the re spo n s e of the ND V Itothe OL R. T hatis, the ralnyS e as o n Of
1995beginsin e arlyJun e, re s ulting intheincrea s ein s oil m oisture and 血ally the gro wthof
r ain-fed mi lletat the endof the ralれySeas on .
3･ h terarLntlal v 且riati例1S Of rainfall, ND V I, a nd miⅩing layer te mperatl re: their
inte r actions
T hetim e series ofm o ntblyrainf d(a),biw eekly ND ⅤⅠ仲), a ndm o nthlythickn es sbetw ee n
85 0- 700 hPa(c), spatialyaveragedover w e ste rn Sahel(seeFig.1)a repre s entedin Fig,7, The
ND V Idata setu sedhereisdeveloped byKevinP. Galo of NationalOce a nic a ndA土m o spheric
A dministr ation (NO A A)/Natio nal Envir on mental Satellite, Data, a nd h form ation Servic e
(N E S D IS). T hebia se s obs e r v ed inthe ND VItim e series, deriv ed &o mthe cha ngesin the
N O A AI Seriessatelhtesandthedelays 0fthe equato r- cro ssl ngtim eOfe achN O A s atelite, are
c alibr atedby re m ovl ngjro m the w e ste rnSaheltim e s erie s, thetim eseriesforthe adjac e nt
Sahar adesert whiche血ibits onlysm al v egeta.tio nactivityallyear ro und.
The thickne5Sin the abovelaye r repr e s e ntsthe o verallte mperature ofthe mixlnglayer
whichgen eralydevelops uptothe700hPale v elwiththe e xc eptlOn Ofthe n orthernwinter se as o n.
Thethickne s v alu e s ar e calculated丘o m obje ctive a nalysisgrid-pointdata ofge opoter7tial height
produ c edat the Natio n alCe ntersfor En viron mentalPredictio n(N C EP).
As forthe a nualcycle(solid c urve), the rainfallr e a che sits maxim um during Augu st or
September,le adingthat ofthe rainfal by0-1 m o nth. R ainfallano malie s(dottedc u r v e)fro mthe
s e as o n alcha nge a v er aged o v er1986-1990(broke n cu r ve)also ap pe artopre c ede a n o malies of
the NDVIby0-1 m o rlth. Itshouldbe notedthat the a nom aliesin the ND VIwhichar ecre ated
du ringa r al ny S e a s o nte ndtope rsistov erthefollowingdrys e a s o n s u cha s1987/88a nd1988/89
u ntilthe next ralnyS e a so n. T his mpliesthatthelandsurfa c e a n o maliespersisting ov erthedry
s e a s on may a cta stransmitter ofrainfalla n omaliesthat o cc u rduringthepre c eding ralnySea s on .
Intere stl ngly, thelo wertropo sphericte mpe r aturebetw e en 850-700 hPainc r e a s ed during
the 1987/88 dry sea s o nwhenle ss v egtatio n w as observed fro m the N O A As atellite, whileit
r educ ed du ringthe1988/89 drys e aso nwhe n more v egetation wasfo und, Thetiming Ofchange
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inthe sign of thethickne s san o maly gen eraly coincides withthat ofthe ND VIano m aly. The s e
r e sults sugge st thatthela nd s u rfac e conditons aHectthelo w er tr opo spheric tempe ratu r e
thro ughS e n siblehe at tr a n sfe r.
T he a nalyses ofthe ND VIand mix lnglayerte mper atu refortheSahelwillbe exte ndedto
the period1982-1994, In r elatio ntothe N D V I(thatis, vegetatio n a ctivity), a n占x amination wi11
be 皿ade ofthe m onthly evapotra n splratio n o v e rthe reglO nthatisderived 丘
.
om preclplta土io n
mirluS atm o sphe ric znoistureflu x c onv erge n c e.
4. Co n cluding rettLarks
T hetim e-s erie s a n alysis ofthe rainfall, ND V I, a nd mix lnglaye rte mper attlr e S ugge steda
po sibilitythatr ainfall anom aliespr odu c edo v erthe se mi-aridreglOndu ringa shortrainyS e a s o n
ar emaintain edinla nds u rfa c e(s oilm oistu r e/vegetatio n)an o malie sper sitingo v erthefollowing
seas on . The an om alousla ndsurfa c e c o ndito n s appe arto affectthe miⅩ1nghyerte mperature
thro ughse n siblehe at tr an sfe r. Ifthelong･te r mde clineinSahelrain色11isdu e,inpa rt, totheI.and
su rfac epro ces s e s, a rainf:allan omaly m ayle adto the an o maly ofthe Sa m e Slgn during the
follo Ⅶng r alnySea s on, thr o ughthe anom alo u sland S urfa ce co ndito n sperSistlng OVerthelo ng
dryse ason. This m e chanis m m ayope r ate aspositivefe edback,
The futurein ve stigation sho uld fo c u s atterItion o nthedete ction ofsu ch per sistentland
surfa c eano m alie s andtheirimpa cts on the ov e rlying atm o spherebyu singthe s atelhtedate sets
havinglo ng-te r mho m ogene o u squ ahty.
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Fig.1 Loc atio n of TtreSternSahel(S h皿 Oda, 1 99 5a).
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Fig.2 h te ra n n t nl v a n ation of May-Octobe r rai 血11 f♭r w e ste rn
Sahel. The broke n c w v eindic aLteS the five-rear mi ng m e an
(Shin oda, 1 99 5a).
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Fig.3 Se aso nalchange sinwe eklydata of the N D Ⅵ(cro ss) a nd O L R(cir cle)at
l O
O
N,2 0
o
E du ri ng April 1 9S5-Septernbe r1 987(S hin oda, 1 9 95 b). T be broke n and
solidcur y e sindic alethe re spe ctiv e51 We ek n ln nmg m eans:The O LRthr e sholdof
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belo -F Which s e ason al raiI血11 is e甲 e Cted to o cc u riB denoted bythe
horiz o ntalbrokenli1蛤 . Note th&tthey-a x IS Of O L R isinve rted.
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Fig.4 Lag c o rrelatio rLbetTV en theN D V Iand O L Rat lO
o
N
,
2 0
o
E(S hl n Oda , 1 9 9 5b). T helead ing (lagging)indic ate s
that the N D Ⅵ is le ading(lagging)the O L R. T he lag-
c o rr elation e o etficie nts a re Calc ulated bytlSingthe 5-Ttpe ek
ru TE u ng m e an s Ofthe N D V la nd O L R.
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